Abstract Purpose: Cancer-testis antigens are promising targets for cancer immunotherapy. Identification of additional cancer-testis antigens with frequent expression in various cancers was attempted using representational differential analysis (RDA) and immunogenicity evaluation. Experimental Design: cDNAs preferentially expressed in testis were enriched using RDA by subtraction between testis and normal tissues. Thirty clones showing cancer-testis^like expression based on EST database analysis were evaluated by reverse transcription-PCR. A potential antigen, CRT2, was identified and its expression was analyzed with a newly generated anti-CRT2 antibody. The immunogenicity of CRT2 was examined based on reactivity with serum immunoglobulin G (IgG) from cancer patients, using Western blot and ELISA analysis, and on in vitro induction of tumor-reactive CTLs from HLA-A24 transgenic mice and human peripheral blood lymphocytes. Results: CRT2 was expressed in elongated spermatids of testis among normal tissues and in various cancer cell lines and tissues. The recombinant CRT2 protein was recognized by serum IgG from patients with various cancers inWestern blot and ELISA analyses. A CRT2-derived peptide was identified as an HLA-A24^restricted T-cell epitope that induced tumor-reactive CTLs. Conclusion: CRT2 was identified as a new cancer-testis antigen expressed in elongated spermatids of testis and in cancer tissues (particularly melanoma) that is recognized by serum IgG from cancer patients. An HLA-A24^restricted T-cell epitope capable of inducing tumor-reactive CTLs was identified, suggesting that CRT2 may be useful for cancer diagnosis and immunotherapy.
Preparation of CRT2 bacterial recombinant proteins, production of a polyclonal antibody, and generation of CRT2-transfected cells. PCR products containing the full-length human CRT2 and the splicing variant (CRT2D3) resulting from skipping of exon 3 were used to generate bacterial and mammalian recombinant CRT2. The PCR primers were 5 ¶-tagcgaattcATGGCCCGGGCTTTGGTCC-3 ¶ (forward) and 5 ¶-atgcgcggccgcCTAAAGTTCATTCCTTC-3 ¶ (reverse), and the products were digested with EcoRI and NotI. To generate bacterial recombinant CRT2 proteins, the digested product was subcloned into the pET16b plasmid (Novagen), which was modified to contain multiple cloning sites, and the recombinant plasmids were introduced into the E. coli strain AD494(DE3)pLysS (Novagen). The recombinant CRT2 and CRT2D3 proteins were purified using the affinity resin HiTrap Chelating (Amersham Biosciences). Rabbit polyclonal antibody to the recombinant CRT2D3 protein was generated by the Protein Purification Company. To generate CRT2-transfected cell lines, the digested product was subcloned into the pcDNA3.1 vector (Invitrogen). The pcDNA3.1-CRT2D3 vector was transfected into NIH3T3 cells using Effectene transfection reagent (Qiagen). After incubation for 48 h at 37jC, the transfected cells were cultivated for immunostaining.
Immunocytochemistry and immunohistochemistry. For immunocytochemistry, cultured cells were fixed with acetone for 15 min and with 4% paraformaldehyde for 1 min. After reaction with 1% H 2 O 2 in PBS for 30 min, cells were blocked for 15 min with 5% normal swine serum and then incubated for 1 h with rabbit polyclonal antibody against CRT2 (diluted 1:250). After incubation for 30 min with horseradish peroxidase -conjugated swine anti-rabbit immunoglobulin antibody (diluted 1:100; DakoCytomation), staining was developed with a 3,3 ¶-diaminobenzidine or TrueBlue peroxidase substrate (KPL). Slides were counterstained with hematoxylin or nuclear fast red.
For immunohistochemistry, formalin-fixed and paraffin-embedded tissue sections were deparaffinized using xylene and dehydrated with ethanol. Tissues were pretreated with 0.05% protease (Sigma-Aldrich) for 15 min and incubated in 1% H 2 O 2 in PBS for 30 min. After blocking with 5% normal goat serum for 30 min, the slides were incubated overnight at 4jC with anti-CRT2 antibody (diluted 1:500). After washing with PBS containing 0.1% Tween 20 (PBST), the slides were incubated for 1 h with horseradish peroxidase -labeled goat anti-rabbit immunoglobulin antibody (Envision Plus, DakoCytomation).
Western blot screening for serum IgG antibodies specific for CRT2. The bacterial recombinant CRT2 and CRT2D3 proteins (1 Ag/ well) were loaded on 10% SDS-PAGE gels. After transfer onto a nitrocellulose membrane (Hybond Extra C, Amersham Biosciences), the membrane was cut into 15 strips and each strip was incubated overnight at 4jC with a patient serum sample (diluted 1:100) or mouse monoclonal anti-histidine antibody (diluted 1:4,000) as a positive control (Amersham Biosciences). The strips were washed in TBS containing 0.1% Tween 20 and incubated for 1 h with goat antihuman IgG Fc antibody conjugated with alkaline phosphatase or goat anti-mouse IgG Fc antibody conjugated with alkaline phosphatase (each diluted 1:4,000; Cappel).
ELISA for detection of anti-CRT2 IgG antibodies. The bacterial recombinant CRT2D3 protein and junction peptide (Invitrogen) were diluted in 10 mmol/L CAPS buffer or PBS containing 1% DMSO to a final concentration of 2 Ag/mL, dispensed into 96-well plates (100 AL/ well), and incubated overnight at 4jC. Sera samples from cancer patients and healthy controls (100 AL, 1:100 dilution) were added to the junction peptide solution or a negative peptide solution (10 Ag/mL) and incubated overnight at 4jC. Serum samples were added to each well and incubated for 2 h at room temperature. After incubation with 100 AL of goat anti-human IgG Fc labeled with horseradish peroxidase (1:5,000 dilution; Cappel), the plates were washed with PBST and developed with tetramethylbenzidine solution for 20 min. After stopping the reaction with 1 mol/L H 2 SO 4 , the absorbance was measured at 450 nm. All serum samples were measured in duplicate and were randomly dispensed on the plates.
Induction of CRT2-specific T cells using HLA-A*2402 transgenic mice. Four potential T-cell epitopes of CRT2 (p48: corresponding to amino acids 48-56, sequence HFRLSSGKF; p128: amino acids 128-136, YYIMFGPDI; p240: amino acids 240-248, RSGTIFDNF; and p299: amino acids 299-307, KINRHEHYF) were predicted by three programs [Qbag (15) , BIMAS, and SYFPEITHI] based on HLA-A*2402 binding affinities. Each candidate peptide (100 Ag) and a I-A b -restricted helper peptide (100 Ag) from tetanus toxoid (amino acids 947-967, FNNFTVSFWLRVPKVSASHLE) were mixed and emulsified in incomplete Freund's adjuvant. Six-to eight-week-old HLA-A*2402 transgenic mice (kindly provided by Dr. H. Takasu, Dainippon Sumitomo Pharma Co., Ltd., Osaka, Japan; ref. 16) were immunized twice in the hind footpad with a 14-day interval. Seven days after final boosting, CD8 + cells were separated from splenocytes using mouse CD8a (Ly-2) Microbeads (Miltenyi Biotec GmbH), and the peptide-specific response was estimated by a murine IFN-g ELISPOT assay (17 16 ) along with peptide (1 Ag/mL) and interleukin-2 (10 units/mL) for 40 h, and spots were counted. MYEOV p252 peptide (amino acids 252-260, LPLRVAGSW) was used as a negative control.
In vitro induction of CTLs from human peripheral blood mononuclear cells by stimulation with synthetic peptides. In vitro CTL induction using peripheral blood mononuclear cells (PBMC) from healthy volunteers was done as previously described (18) . PBMCs were divided into 10 to 12 wells (3 Â 10 5 /48-well) and cultured. The peptide-specific T cells were evaluated using an IFN-g-ELISA on day 21 against a Cr release assay with some modifications (21) . Briefly, target cells were labeled with Na 51 CrO 4 for 2 h, washed thrice, and mixed with effector T cells at various E/T ratios. After 4-h incubation, the supernatant radioactivity was measured using a Top Counter, and percent specific lysis was calculated. Melanoma and colon cell lines expressing HLA-A24/02 (501mel and DC201 MEL), HLA-A01/10 (397mel), and HLA-A01/02 (Colo205) were used as target cells. To block the HLA class I/CD8 interaction, target cells were preincubated with antihuman HLA class I antibody (W6/32) for 1 h at 4jC before mixing with T cells.
Statistical analysis. Unpaired Mann-Whitney U tests were used for evaluation of the significance of differences.
Results
Identification of CRT2 expressed in normal testis and in cancer cells. Cancer-testis antigens expressed in cancer cells and germ line -related normal tissues, including testis, ovary, and placenta, are attractive candidates as targets for immunotherapy. In this study, cDNAs preferentially expressed in testis were first isolated using representative differentiation analysis (RDA) to identify new cancer-testis antigens. cDNAs from Human Testis-Specific PCR-Selected cDNA (Clontech), a cDNA library enriched in cDNAs preferentially expressed in testis by differential hybridization between testis and other normal tissues, were subcloned into pCRII plasmids. The DNA sequences of 850 clones obtained from the subtracted testis library were compared with the EST database. 4 Thirty clones were identified to have either testis-specific or cancer-testis antigen -like expression, including the known cancer-testis antigens SCP1 (22) and OY-TES-1 (23) and sperm proteins such as NYD-sp10 (24) . Actual expression of these 30 genes was evaluated by RT-PCR analysis using cDNA samples from cancer cell lines and normal tissues. One of the clones coded for a 426-bp cDNA, CRT2, which was expressed in testis and in many cancer cell lines. The properties of CRT2 were further examined in the study.
CRT2 was previously isolated as an isoform of CRT expressed in normal testis (13) , as also shown in Fig. 1A . RT-PCR analysis with forward 1 and reverse 1 primers showed two bands corresponding to a full-length CRT2 and a smaller cDNA with 2+ storage domain in the COOH-terminal; ss, signal sequence for localization to the endoplasmic reticulum; C, cysteine residues that form a disulfide bridge; KDEL and RNEL, signals for retention in the endoplasmic reticulum. Three sets of primers were designed for detection of CRT2 (forward 1and reverse 1, forward 2 and reverse 1, and forward 3 and reverse 1). B, RT-PCR analysis (35 cycles) for CRT2 using specific primers (forward 2 and reverse 1). CRT2 was strongly expressed in normal testis and melanoma cell lines and tissues. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control. C, induction of CRT2 by treatment with demethylating reagent 5-aza-2 ¶-deoxycytidine. CRT2 mRNA was induced in renal cancer cell lines Caki-1and RCC7 by treatment with 5 Amol/L 5-aza-2 ¶-deoxycytidine for 2 and 4 d. deletion of exon 3 (CRT2D3). The CRT2 mRNA encodes a protein of 384 amino acids, whereas CRT2D3 codes for a product of 316 amino acids (Fig. 1A) . For specific detection of CRT2 and CRT2D3, primers encompassing a junction sequence of exons 2 and 3 (forward 2) or exons 2 and 4 (forward 3) were synthesized. Using these isoform-specific primers, CRT2 was found to be the major transcript, but CRT2D3 was also detected in testis and in many cancer cell lines.
RT-PCR analysis with primers for the longer CRT2 was done using cDNAs from various normal tissues, 134 cancer cell lines, and 138 cancer tissues ( Fig. 1B; Table 1 ). Strong expression of CRT2 was detected in normal testis and in cancer cell lines, including 23 of 25 melanoma, 14 of 15 esophageal cancer, 11 of 16 colon cancer, 13 of 13 lung cancer, 7 of 10 endometrial cancer, and 4 of 10 renal cell cancer cell lines. CRT2 was also detected in many cancer tissues, including 8 of 18 melanoma, 10 of 62 colon, 8 of 24 lung, and 6 of 21 endometrial cancer tissues. CRT2 was not expressed in fetal thymus (Fig. 1B) and thymus (data not shown), indicating possibly no central immunologic tolerance induction to CRT2. CRT2 seems to be expressed in advanced melanomas, similar to the other cancertestis antigens including MAGEs, because CRT2 was positive in 0 of 2 stage I, 1 of 5 stage II, 5 of 7 stage III, and 2 of 4 stage IV melanoma tissues in RT-PCR analysis (data not shown). Among them, 5 of 6 metastasis samples were CRT2 positive. The CRT2 expression was induced by treatment of renal cell cancer cell lines with no or a faint CRT2 expression with DNA demethylating reagent 5-aza-2 ¶-deoxycytidine (Fig. 1C) , indicating that CRT2 is expressed in cancer cells through DNA demethylation, similar to the representative cancer-testis antigens such as MAGEs. Thus, the CRT2 transcript is strongly expressed in normal testis and in many cancer cells through possibly DNA demethylation.
Expression of CRT2 protein in normal testis, cancer cell lines, and melanoma tissues. To evaluate CRT2 protein expression, a rabbit anti-human CRT2 polyclonal antibody was generated by immunization with bacterial recombinant human CRT2. Western blot analysis with the immunized serum detected a 37-kDa protein in NIH3T3 cells transfected with pcDNA3.1-CRT2D3 (NIH3T3-CRT2D3) but not in the same cells transfected with pcDNA3.1 vector (NIH3T3-pcDNA3.1). In immunocytochemistry, positive staining was observed in the cytoplasm of NIH3T3-CRT2D3 cells ( Fig. 2A, a) but not in NIH3T3-pcDNA3.1 cells (Fig. 2A, b) . Preimmune serum did not react with either transfectant (Fig. 2A, c and d) . These results indicate that the polyclonal antibody reacts specifically with CRT2.
Using the polyclonal antibody, expression of CRT2 protein was evaluated in cancer cell lines and tissues. As shown in Fig. 2B , CRT2 was detected in many cancer cell lines including melanoma 526mel (a), breast cancer HS578 (c), endometrial cancer SNGII (e), prostate cancer LNCaP (g), bladder cancer KU7 (i), and brain tumor U87MG (k), but not in human cultured melanocytes (m) and embryonal fibroblasts (o). In adult human testis, CRT2 was detected only in elongated spermatids (Fig. 2C, b) and not in other germ cells or stromal cells. CRT2 was also detected in 11 of 14 melanoma tissues, including the primary and metastatic melanomas shown in Fig. 2C (e, h, and k), but was not detected in melanocytes. CRT2 seemed to locate in both the cytoplasm and plasma membrane of melanoma cells.
Immunogenicity of CRT2 in patients with various cancers. To elucidate the immunogenicity of CRT2, the presence of serum IgGs specific for CRT2 was evaluated in patients with cancer. In Western blot analysis, specific bands for both CRT2 and CRT2D3 recombinant proteins were detected using sera from melanoma patients, indicating the presence of IgGs specific for both CRT2 and CRT2D3. Thus, CRT2 is an immunogenic tumor antigen in cancer patients (Fig. 3A) . Because the CRT2D3 band had a higher density than the CRT2 band, the presence of an IgG specific for CRT2D3 was investigated. The effect of absorption of sera with the 20-amino-acid CRT2D3-specific exon 2 to 4 junction peptide was evaluated, but the properties of the treated and untreated sera did not differ for the reactivity to the CRT2D3 protein (data not shown). In addition, specific binding of sera to the junction peptide was not found in an ELISA using peptide-coated plates (data not shown). These results indicate that an IgG specific for the CRT2D3-specific exon 2 to 4 junction peptide was not present in the serum samples.
The CRT2D3 recombinant protein was used for evaluation of serum IgG from cancer patients. The expected CRT2 band was detected frequently by serum IgG from patients with various cancers, including 30 of 55 melanoma, 27 of 33 esophageal Human melanoma, 526mel (a), breast cancer, HS578 (c), endometrial cancer, SNGII (e), prostate cancer, LNCaP (g), bladder cancer, KU7 (i), and brain tumor, U87MG (k), cells showed positive staining with anti-CRT2 antibody, but human melanocytes (m) and embryonal fibroblasts (o) were not stained. Preimmune serum showed no immunostaining in 526mel (b), HS578 (d), SNGII (f), LNCaP (h), KU7 (j), U87MG (l), melanocytes (n), and fibroblasts (p). C, expression of CRT2 protein in elongate spermatids in normal testis and melanoma tissues. CRT2 was expressed in elongate spermatids (a, HE; b, anti-CRT2; c, preimmune serum) and in the cytoplasm of human primary melanoma tissues (d and g, HE; e and h, anti-CRT2; f and i, preimmune serum) and lymph node metastatic melanoma (j, HE; k, anti-CRT2; l, preimmune serum). Table 2) . To examine the quantitative difference in the specific IgG titer, an ELISA was developed using the recombinant CRT2D3 protein. As shown in Fig. 3B , the titer of IgG reacting with CRT2D3 was significantly higher (P < 0.01) in many cancer patients, including those with melanoma, colon cancer, lung cancer, endometrial cancer, cervical cancer, renal cell cancer, bladder cancer, and brain tumor, compared with healthy controls (Fig. 3B) . These results indicate that CRT2 is an immunogenic tumor antigen that is present in many patients with various cancers.
Induction of HLA-A*2402 -restricted tumor-reactive CTLs with a CRT2 peptide. To evaluate whether CRT2 can function as a tumor antigen recognized by T cells, we attempted to identify Tcell epitopes restricted to HLA-A24, which is frequently expressed in the Japanese (a rate of f60%) and Caucasian (a rate of f20%) populations. HLA-A24 -binding peptides of CRT2 were predicted using the computer programs Qbag (15), BIMAS, and SYFPEITHI. Four possible HLA-A24 -binding peptides, CRT2-p48, CRT2-p128, CRT2-p240, and CRT2-p299, were selected. HLA-A*2402 transgenic mice were immunized with each of these peptides and the I-A b -restricted tetanus toxoid helper peptide. HLA-A24 -restricted T-cell responses were evaluated by a murine IFN-g ELISPOT assay using CD8 + T-cell responder cells isolated from splenocytes of the immunized mice and HLA-A*2402/K b -transfected Jurkat antigen-presenting cells. The response to p128 was highest among the four peptides (Fig. 4A) . The p128 peptide is located at the junction of exons 3 and 4 in CRT2. To evaluate whether CRT2-p128 can induce tumor-reactive CTLs, we attempted to induce CTLs in vitro from PBMCs of five healthy donors. p128 peptide -specific IFN-g secretion was observed in all five healthy donors. The representative experiment in Fig. 4B shows Fig. 3 . Presence of an IgG antibody specific for CRT2 in sera from patients with various cancers. A, detection of an IgG antibody specific for CRT2 in sera by Western blotting analysis of His-CRT2 and His-CRT2D3 recombinant proteins. An IgG antibody specific for CRT2 was frequently detected in sera from melanoma patients. The bacterial recombinant CRT2D3 (top column) and CRT2 (bottom column) proteins were detected as 40-and 48-kDa bands, respectively. Lanes 1to 14, sera from melanoma patients; lane H, anti-His antibody, which reacts with the histidine tag on the recombinant proteins. B, detection of an IgG antibody specific for CRT2 in sera by ELISA with a His-CRT2D3 recombinant protein. A significantly higher titer of IgG antibody for CRTD3 was found in sera derived from patients with melanoma (1; P = 4 Â 10 ), but not in sera from patients with pancreatic cancer (3), ovarian cancer (8) , and lymphoma/leukemia (13) . For each cancer, the left column shows sera from healthy donors and the right column shows sera from cancer patients in each box. The absorbance (OD) values for the healthy controls differ among the columns because the experiments were done using different microplates. *, P < 0.05; **, P < 0.01 (Mann-Whitney U test).
CRT2 p128 -specific IFN-g secretion in 2 of 12 independent culture wells (Fig. 4B) . The p128-reactive T cells lysed melanoma cell lines (501mel and DC201MEL) expressing both HLA-A24 and CRT2, but did not lyse cell lines (397mel or Colo205) with no expression of HLA-A24 or CRT2 (Fig. 4C) . Lysis was inhibited by the anti -HLA class I antibody W6/32 (Fig. 4D) . These results indicate that CRT2-p128 is an immunogenic peptide that is naturally processed and expressed with HLA-A24 on tumor cells, indicating that it is a potential target for T-cell -based immunotherapy.
Discussion
Cancer-testis antigens are promising targets for immunotherapy. In this study, we identified CRT2 as a new cancer-testis antigen that is frequently expressed in various cancers, particularly in melanoma. An immunohistochemical study using a newly generated polyclonal anti-CRT2 antibody indicated the presence of CRT2 protein in the cytoplasm and plasma membrane of melanoma cells in tumor tissues but not in melanocytes. CRT2 has an endoplasmic reticulum signal sequence in the NH 2 terminus for endoplasmic reticulum localization and a ''RNEL'' sequence similar to the endoplasmic reticulum retention sequence ''KDEL'' in the COOH terminus of CRT (25) .
Among normal tissues, CRT2 expression was detected in testis, and immunohistochemistry showed that CRT2 is expressed in elongate spermatids. Previously identified cancertestis antigens, including SPANX (26), ADAM2 (27) , SPA17 (28) , TPTE (29) , and OY-TES-1 (23) , are expressed in testicular germ line cells at various stages of differentiation (6), but CRT2
is the first antigen that shows expression restricted to the elongate spermatids. This restricted expression indicates that CRT2 may be useful for cancer diagnosis through detection in tumor tissues and migrated tumor cells in lymph nodes and peripheral blood.
CRT2 was previously identified as a gene encoding a novel 384-amino-acid human CRT isoform with 53% amino acid sequence similarity to CRT (13) . CRT2 has a similar structure to CRT, which has a signal sequence for endoplasmic reticulum localization at the NH 2 terminus, a globular structure in the NH 2 -terminal region, a proline-rich region, a COOH-terminal Ca 2+ storage domain, and an endoplasmic reticulum retention signal KDEL, which is changed to RNEL in CRT2. In this study, a novel 316-amino-acid CRT2 variant with deletion of exon 3 (CRT2D3) was also identified. This variant is a minor transcript in testis, but is expressed in some cancer cell lines.
CRT is a multifunctional calcium-binding protein that mainly functions as a chaperone in the endoplasmic reticulum and also participates in Ca 2+ signaling, cell adhesion, and gene transcription in the cytoplasm, at the cell surface, and in the extracellular space (30) . The function of CRT2 in normal testis and cancer cells remains unclear. Translocation of CRT from the endoplasmic reticulum to the plasma membrane of cancer cells induced by anthracycline drugs has recently been reported to be essential for uptake by dendritic cells and subsequent induction of antitumor T cells (31) . CRT on dendritic cells and macrophages has been reported to be involved in efficient cross presentation of the cancer-testis antigen NY-ESO-I by its direct binding to NY-ESO-I (32). These intriguing findings indicate the possible use of CRT in immunotherapy. CRT2 seems to be expressed in the cytoplasm and plasma membrane in some melanoma tissues based on our immunohistochemical study. The role of CRT2 in the plasma membrane is currently under investigation in our laboratory, and the general roles of CRT2 and CRT2D3 in cancer cell development, testicular germ cell differentiation, and interactions with immune cells require further studies. CRT2 was identified as an antigen recognized by IgGs and CD8 + CTLs. Western blot analysis showed that IgGs against the bacterial recombinant CRT2 are present in sera from patients with various cancers, including melanoma, brain tumor, endometrial cancer, cervical cancer, ovarian cancer, lymphoma, pancreatic cancer, esophageal cancer, and bladder cancer. Furthermore, an ELISA showed that the IgG titer in sera from cancer patients was significantly higher than that of healthy individuals. These results indicate that CRT2 is an immunogenic antigen in various cancers. An autoantibody to CRT has been reported in patients with systematic lupus erythematosus, rheumatoid arthritis, and Sjogrens syndrome (33) , but the antibody against CRT2 was not associated with these collagen diseases in this study.
In Western blot analysis with sera from patients, the bacterial recombinant CRT2D3 protein showed more intense bands than recombinant CRT2, and in ELISA the titer of serum IgG antibody recognizing CRT2D3 was higher than that for CRT2.
However, we found no evidence for the presence of an IgG specific for a CRT2D3-specific peptide located at the junction of exons 2 and 4. However, a disulfide bridge between cysteines in exons 3 and 4, as found in CRT, may lead to different conformations for CRT2 and CRT2D3, leading to differential IgG recognition. In addition to the IgG responses, we identified a novel HLA-A24 -binding T-cell epitope peptide of CRT2 by computational prediction of peptide binding to HLA-A24, with testing in HLA-A24 transgenic mice and by in vitro CTL induction from human PBMCs. The identified peptide CRT2-p128 is located at the junction of exons 3 and 4 and is able to induce HLA-A24 -restricted tumor-reactive CD8 + CTLs from human PBMCs. These results indicate that CRT2 may be an attractive antigen for induction of both helper CD4 + T cells and cytotoxic CD8 + T cells. In summary, CRT2 is a novel cancertestis antigen that is expressed in elongate spermatids in normal testis and in various cancer cells and is recognized by IgG and HLA-A24 -restricted CD8 + CTLs. Therefore, we conclude that CRT2 may be useful in cancer diagnosis and immunotherapy.
